The scientific measurement of land use in space is an essential task in urban agglomeration studies, and the fractal feature is one of the most powerful tools for describing the phenomenon of space. However, previous research on the fractal feature of land use has mostly been conducted in urban space, and examines the fractal feature of different land use types, respectively; thus, the measurement of the relationship between different land use types was not realized. Meanwhile, previous prediction methods used for spatial land use mostly relied on subjective abstraction of the evolution, theoretically, regardless of whether they were calibrated, so that complete coverage of all the mechanisms could not be guaranteed. Based on this, here, we treat the land use structure in urban agglomeration space as the research object, and attempt to establish a fractal measure method for the relationship between different land use types in the space of urban agglomeration. At the same time, we use the allometric relationship between "entirety" and "local" to establish an objective forecast model for the land use structure in urban agglomeration space based on gray prediction theory, to achieve a predictive measurement of the structure of land use in urban agglomeration space. Finally, this study applied the methods on the Beijing-Tianjin-Hebei urban agglomeration to analyze the evolution of the stability of the structure of land use and achieve predictive measurement of the structure of land use. The results of the case study show that the methods proposed in this study can obtain the measurement of the relationship between different land use types and the land use prediction that does not depend on the subjective exploration of the evolution law. Compared with the measurement methods that analyzed the fractal feature of different land types, respectively, and the prediction methods that rely on subjective choice, the methods presented in this study recaps some innovations and reference values for relevant future research.
Introduction
Urban agglomeration is the carrier of social development, which is an important research object in urban geography. However, the development of urban agglomeration has faced a series of objective problems, such as unreasonable spatial patterns, blind policy guidance, and the contradiction between people and land. Land is the spatial platform for these issues [1] , and the study of the structure of land use and the description of its status and evolutionary trends within the space of urban agglomeration is, of course, the foundation and prerequisite for exploring the evolution of urban agglomerations to set land use policy, making an urban agglomeration sustainable land use plan for the future, and solving problems, such as the unbalanced land status, during the development of urban agglomerations.
From the rise of land use and cover change (LUCC) projects, there has been extensive research working on providing empirical and theoretical advances in this field of study. Scholars often use land use change models to simulate and predict land use change to understand the reasons for, Thus, to describe the relationship between different land use types using fractals (not the fractal features of each land use type separately), in this research we intend to consider different land use types as the same sample space and measure its fractal features in the urban agglomeration space, and establish the measurement method for the land use structure in the urban agglomeration space. At the same time, to avoid subjective faults in the selection of judgment criteria or factors according to the complex spatial interactions, with the allometric relationship we established the contact between the "entirety" and the "local", and based on the gray prediction for the entirety of the land of the urban agglomeration space we achieve the prediction for the local land of the urban agglomeration space and the predictive fractal measurement of the structure of land use in the urban agglomeration space. The efficiency is increased by avoiding the separate prediction of each land type, avoiding the selection of factors or judgment criteria, and realizing the measurements of the fractals between different land use types (not each land use type, separately). Finally, we applied the measurement and prediction method proposed in this study to the space of the Beijing-Tianjin-Hebei urban agglomeration to analyze the spatial evolution of the structure of land use in the Beijing-Tianjin-Hebei urban agglomeration space to validate the feasibility of the methods.
Measurement of the Structure of Land Use in the Urban Agglomeration Space

Method
In a spatial phenomenon, the scale will change following a regular rule with the measurement change, and it can be measured as the dimension corresponding to this regular rule. This regular rule is the fractal feature of this phenomenon, and to find such regular rules we can measure the fractal features, where the dimension corresponding to the regular rules is the fractal dimension.
The boundary dimension [13] is one of the measurement methods for the spatial fractal features. If we regard the space as a collection of objects, the area change of each element within the collection will change the morphology, such as the perimeter of the element within the collection. If the area of the collection changes, we will obtain different sets of morphology. Here, A represents the collection area, and L denotes the collection perimeter that corresponds to the collection area:
where D is the boundary dimension.
The fractal was gradually applied to the study of the spatial structure of land use. However, most land use fractal features research based on the boundary dimension currently analyzed the patches of each land use type as a respective sample collection. Through establishing the area-perimeter relationship of each land use type, we can obtain the calculation of the fractal dimension of each land use type, respectively. Based on this we can further analyze the complexity, stability, and other characteristics of different land use types on the spatial structure.
This research is based on the idea of "considering different land use types together as one overall sample collection, and each land use type as one element in the sole overall sample collection", and regard each pair of the total area and total perimeter as one sample point data in the same sample group, as shown in Figure 1 , then, through the dataset composed with a variety of land use types we can measure the land use structure fractal features in the urban agglomeration space. Therefore, this study uses A(r i ) to denote the total area of type r i land, L(r i ) to denote the total perimeter of type r i land, and according to Equation (1) they have the following relationship:
The fractal measure method above shows that the total perimeters of different land use types are the counts of measuring spatial fractal features by the total areas of different land use types. If the total perimeters and the total areas can satisfy Equation (2) using a statistical test of the adjusted coefficient of determination and the goodness-of-fit, it could be considered that the land use structure in the urban agglomerations have the fractal features, where D is the fractal dimension.
Meanwhile, based on the meaning of fractal dimension, D can be used to characterize the stability of morphology. The theoretical range of D should be between 1 and 2, where D = 1 represents the element is a square, D = 2 represents the element is a line, and D = 1.5 represents the status of the element is similar to Brownian motion. Xu et al. defined the stability index S of the elements based on the definition of fractal dimension [30] :
A greater stability index S means the element is more stable, and the stability derived from this relationship represents the coexistence stability in space between different land use types. 
Data and Results
According to the measurement of fractals used in this study, we treat samples of different types of land use as one group. Based on the data from the "resources and environmental science data center, Chinese Academy of Sciences" platform [31] , we apply the methods used to identify the space of urban agglomeration [32] for the recognition of study areas in 1990, 1995, 2000, 2005, 2010 , and 2015. The recognition shows that there are 24 kinds of land use types within the space of BeijingTianjin-Hebei urban agglomeration (divided according to the second-level standard of the Resources and Environmental Science Data Center, Chinese Academy of Sciences). We determined the sequence of the total area of each land use type in order of size and used the ruler of the fractal dimension measurement method, thus, we can obtain the corresponding perimeters, which are the corresponding quantities for measurement. The data of land use in each urban agglomeration space of 1990, 1995, 2000, 2005, 2010 , and 2015 were measured and had been plotted in the coordinate graph, it can be seen that the relationship between areas and perimeters of different land use types in different periods can present a power law, which is the typical feature of the fractals of the structure of land use in urban agglomeration, thus, it can be considered that the structure of land use in the 
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where c is a constant and D is the boundary dimension. Therefore, the fractal dimension can be solved by linear regression of the double logarithmic curves. In this case we perform the linear regression for the double logarithmic samples of each period to draw the linear change line between the two groups of logarithm variables. According to the regression effect, the goodness-of-fit R 2 in each period is above 0.97, and the reliability and the complexity of the curves are relatively, moderate. The regression curves are shown in Figure 2 . urban agglomeration space is a fractal. On this basis, to measure the stability of the structure of land use, it is necessary to calculate the spatial dimension of fractals. According to the typical fractal, the logarithm of the area and the perimeters of the space should present a good linear relation, thus, the boundary dimension should be satisfied:
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Prediction for the Structure of Land Use in Urban Agglomeration Space
Method
According to the measurement method for the structure of land use mentioned above, the areas and perimeters of various land use types are the basic data for measuring the stability of the spatial structure of land use. Therefore, to realize the predictive measurement of the fractal features of the structure of land use, the area and perimeter of various land use types should be predicted. On the other hand, an allometry model can establish the relationship between two kinds of measurement, by which we can obtain one predictive measurement through the gray prediction of another measurement. If every land use type can be seen as one measurement, the sum of all kinds of land use type, namely the urban agglomeration space, can be seen as the other measurement. In this research, we aim to predict the area and perimeter of each land use type. Through the gray prediction of the "entirety", the urban agglomeration space, we can realize the predictive measurement for the "local", each land use type, using the established allometric growth relationship between the total area of the urban agglomeration space and the area and perimeter of each land use type. From the calculation of the spatial stability index of the structure of land use, we can obtain that the stability index of the structure of land use in the urban agglomeration had a sudden drop in the early 1990s, and then remained stable. On the whole, the spatial stability of the structure of land use is maintained at a low level, indicating that the current urban agglomeration is in the state of "random movement", which is consistent with the actual free development and actual unforced planning of urban agglomeration. This also proves the rationality of the fractal measurement for the structure of land use in the urban agglomeration space to a certain extent.
Prediction for the Structure of Land Use in Urban Agglomeration Space
Method
According to the measurement method for the structure of land use mentioned above, the areas and perimeters of various land use types are the basic data for measuring the stability of the spatial structure of land use. Therefore, to realize the predictive measurement of the fractal features of the structure of land use, the area and perimeter of various land use types should be predicted. On the other hand, an allometry model can establish the relationship between two kinds of measurement, by which we can obtain one predictive measurement through the gray prediction of another measurement. If every land use type can be seen as one measurement, the sum of all kinds of land use type, namely the urban agglomeration space, can be seen as the other measurement. In this research, we aim to predict the area and perimeter of each land use type. Through the gray prediction of the "entirety", the urban agglomeration space, we can realize the predictive measurement for the "local", each land use type, using the established allometric growth relationship between the total area of the urban agglomeration space and the area and perimeter of each land use type.
The allometry model was introduced into geography from biology, according to the following definition: the growth rate of the local relative to the entirety or another local is proportional, thus, we can obtain the general model of allometric growth as:
Equation (5) can be transformed into:
where e a is the proportionality constant and c is the allometric coefficient. Therefore, if y A is the temporal series of the total area of urban agglomeration space, x iA is the temporal series of the area of land type i, x iP is the temporal series of the perimeter of type i land, and then we can obtain the following equations separately by nonlinear regression:
where c iA is the allometric coefficient of the area of land type i and the total area of the urban agglomeration space, and c iP is the allometric coefficient of the perimeter of land type i and the total area of the urban agglomeration space. Based on establishing two kinds of allometry models, the prediction of one measurement change can be realized by gray prediction. According to the idea that, based on the predictions of the "entirety" to forecast the "local" and the established allometry model, the urban agglomeration space is the entirety in this study. Therefore, the total area of the urban agglomeration space is the prediction object chosen by gray prediction. In simple terms, gray prediction generating a regular sequence by accumulating the original temporal series data to weaken the randomness and volatility of the original sequence, and to protrude the regularity of the original sequence firstly. Following which the accumulated sequence could be modeled and the estimated expression of the accumulated sequence could be regress further to estimate the value of the original sequence, this progress can be simplified as Figure 4 . The allometry model was introduced into geography from biology, according to the following definition: the growth rate of the local relative to the entirety or another local is proportional, thus, we can obtain the general model of allometric growth as:
where e a is the proportionality constant and c is the allometric coefficient. Therefore, if yA is the temporal series of the total area of urban agglomeration space, xiA is the temporal series of the area of land type i, xiP is the temporal series of the perimeter of type i land, and then we can obtain the following equations separately by nonlinear regression:
where ciA is the allometric coefficient of the area of land type i and the total area of the urban agglomeration space, and ciP is the allometric coefficient of the perimeter of land type i and the total area of the urban agglomeration space. Based on establishing two kinds of allometry models, the prediction of one measurement change can be realized by gray prediction. According to the idea that, based on the predictions of the "entirety" to forecast the "local" and the established allometry model, the urban agglomeration space is the entirety in this study. Therefore, the total area of the urban agglomeration space is the prediction object chosen by gray prediction. In simple terms, gray prediction generating a regular sequence by accumulating the original temporal series data to weaken the randomness and volatility of the original sequence, and to protrude the regularity of the original sequence firstly. Following which the accumulated sequence could be modeled and the estimated expression of the accumulated sequence could be regress further to estimate the value of the original sequence, this progress can be simplified as Figure 4 . The original total area temporal series of the urban agglomeration space is known as {y (0) (1), y (0) (2), y (0) (3), …, y (0) (n)} whose length is n. The first-order accumulated generating operation (1-AGO) sequence can be generated by the original sequence and the 1-AGO sequence is {y (1) (1), y (1) (2) , y (1) (3), …, y (1) (n)}, where:
The gray model constructed using the 1-AGO sequence has many forms. In this study, the most widely used gray model-the mean form GM (1, 1) model-is used as the prediction model, in which the time response of the GM (1, 1) model is solved by a differential equation: The original total area temporal series of the urban agglomeration space is known as {y (0) (1), y (0) (2), y (0) (3), . . . , y (0) (n)} whose length is n. The first-order accumulated generating operation (1-AGO) sequence can be generated by the original sequence and the 1-AGO sequence is {y (1) (1), y (1) (2), y (1) (3), . . . , y (1) (n)}, where:
The gray model constructed using the 1-AGO sequence has many forms. In this study, the most widely used gray model-the mean form GM (1, 1) model-is used as the prediction model, in which the time response of the GM (1, 1) model is solved by a differential equation:
In Equation (10), a is the development coefficient and b is the gray action quantity. The value of a and b can be estimated by the least-squares method using the known original sequence and the 1-AGO sequence. On this basis, we can obtain the estimated expression of the 1-AGO sequenceŷ (1) (m) by the solution of the differential equation (Equation (10)). The estimation expression of the original sequencê y (0) (m) can be obtained by generating one first-order reduced generating operation onŷ (1) (m):
As a result, we can predict the total area of the urban agglomeration space through Equation (11) . Based on the allometry model established between the total area of the urban agglomeration space and the area and perimeter of each land use type, namely Equations (7) and (8), we can realize the prediction of various land use types within the urban agglomeration space. Finally, the prediction of the stability of the spatial land use structure can be achieved through the measurement method of the structure of land use in urban agglomeration space.
Data and Results
Based on the gray prediction method for various land use types in the urban agglomeration space on the basis of the allometry model, this case took the identified urban agglomeration space in 1990, 1995, 2000, 1995, 2010 , and 2015 (as the control group) as study areas. First, the allometry models between the total area of the urban agglomeration space and the area and perimeter of each land use type were established, and the required data are obtained by the same way as the data in Section 2. The area and perimeter of each land use type were matched with the total area of the urban agglomeration space by temporal series and were plotted on different coordinates as the sample points of different groups with different land use types. Then, the power function fitting was applied to the corresponding sample points of various land use types to draw the power law curves between different "local" and "entirety" variable pairs. According to the fitting effect, both goodness-of-fit R 2 are above 0.94, and the reliability and the complexity of the curves are moderate, relatively. The fitting curves are shown in Figures 5 and 6 (for reasons of brevity, only the built-up land divided according to the first-level standard is used as an example). 
In Equation (10), a is the development coefficient and b is the gray action quantity. The value of a and b can be estimated by the least-squares method using the known original sequence and the 1-AGO sequence. On this basis, we can obtain the estimated expression of the 1-AGO sequence (1) (m)
by the solution of the differential equation (Equation (10)). The estimation expression of the original sequence (0) (m) can be obtained by generating one first-order reduced generating operation on (1) (m):
Based on the gray prediction method for various land use types in the urban agglomeration space on the basis of the allometry model, this case took the identified urban agglomeration space in 1990, 1995, 2000, 1995, 2010 , and 2015 (as the control group) as study areas. First, the allometry models between the total area of the urban agglomeration space and the area and perimeter of each land use type were established, and the required data are obtained by the same way as the data in Section 2. The area and perimeter of each land use type were matched with the total area of the urban agglomeration space by temporal series and were plotted on different coordinates as the sample points of different groups with different land use types. Then, the power function fitting was applied to the corresponding sample points of various land use types to draw the power law curves between different "local" and "entirety" variable pairs. According to the fitting effect, both goodness-of-fit R 2 are above 0.94, and the reliability and the complexity of the curves are moderate, relatively. The fitting curves are shown in Figures 5 and 6 (for reasons of brevity, only the built-up land divided according to the first-level standard is used as an example.) 
The prediction formula of the total area temporal series of the urban agglomeration space is obtained:
It is estimated that the average relative error is 0.195%. The reliability and complexity of the curve are relatively moderate. At the same time, this case also predicted the total area of urban agglomeration space for three periods in the future through the prediction of Equation (15) of the total area temporal series of the urban agglomeration space. The data for both simulation and prediction and the results of the simulation and prediction are listed in Table 2 and shown in Figure  7 . It can be seen from the fitting results and the function that the change of the two sample points groups are both in accordance with the power law. It is indicated that the relationship between the total area of the urban agglomeration space and the area and perimeter of built-up land can present an allometric growth relationship; that is: The allometric coefficients are 0.191 and 0.360. Based on establishing the relationship between the "entirety" and the "local", this case further predicted the change of the total area of the urban agglomeration space by gray prediction. The original total area temporal series of the urban agglomeration space is {75,308,293,669, 77,583,545,808, 78,212,536,933, 79,077,344,520, 80,341,676,686} whose length is 5. The 1-AGO sequence was generated from the original sequence and the 1-AGO sequence is {75,308,293,669, 152,891,839,478, 231,104,376,411, 310,181,720,931, 390,523,397,618}. The mean form GM (1, 1) model was constructed using the 1-AGO sequence and the value was estimated by the least-squares method using the known original sequence and the 1-AGO sequence that a = −0.012 and b = 76,111,535,540.611.
Based on the above, the estimated expression of 1-AGO sequenceŷ (1) (m) was obtained from the mean form GM (1, 1) model: 
The prediction formula of the total area temporal series of the urban agglomeration space is obtained:ŷ (0) (n + 1) = 6, 417, 936, 255, 387.485[e −0.012n − e −0.012
It is estimated that the average relative error is 0.195%. The reliability and complexity of the curve are relatively moderate. At the same time, this case also predicted the total area of urban agglomeration space for three periods in the future through the prediction of Equation (15) of the total area temporal series of the urban agglomeration space. The data for both simulation and prediction and the results of the simulation and prediction are listed in Table 2 and shown in Figure 7 . It can be seen from the simulation or prediction results that the relative errors of the results remain low, and the simulation sequence is basically coincident with the original sequence. The simulation results are better.
On the basis of the gray prediction for the total area of the urban agglomeration space, in this case we calculated the predicted value of the area and perimeter of the built-up land in the three future periods through the allometric relationship between the "entirety" and "local", the total area of the urban agglomeration space, and the area and perimeter of the built-up land, which were established before the prediction, namely Equations (12) and (13) . At the same time, this case repeated the steps above and predicted the area and perimeter of each land use type divided according to the first-level standard of the Resources and Environmental Science Data Center, Chinese Academy of Sciences in the three future periods. The predicted data is shown in Tables 3 and 4 . It can be seen from the simulation or prediction results that the relative errors of the results remain low, and the simulation sequence is basically coincident with the original sequence. The simulation results are better.
On the basis of the gray prediction for the total area of the urban agglomeration space, in this case we calculated the predicted value of the area and perimeter of the built-up land in the three future periods through the allometric relationship between the "entirety" and "local", the total area of the urban agglomeration space, and the area and perimeter of the built-up land, which were established before the prediction, namely Equations (12) and (13) . At the same time, this case repeated the steps above and predicted the area and perimeter of each land use type divided according to the first-level standard of the Resources and Environmental Science Data Center, Chinese Academy of Sciences in the three future periods. The predicted data is shown in Tables 3 and 4 . As a summary, the areas of all kinds of land use type are increasing, which is related to the growth of the urban agglomeration space as a whole. The simulation results of areas and perimeters of various land use types in 2015 show that the relative errors between the predicted value and the control value remain low and the simulation effects are better. Therefore, it is reasonable to believe that the predicted values of the areas and perimeters of various land use types in the future three periods can meet the requirements of forecasting the land use status in urban agglomeration space.
Finally, this case used the prediction results of various land use types in urban agglomeration to achieve the predictive measurement for the spatial structure of land use and its stability in the three future periods through the measurement method for the fractal of the structure of land use. The predicted results of spatial fractal dimension and stability index are shown in Table 5 . According to the fitting effect of the relationship curve of the predicted areas or predicted perimeters of all land types, the goodness-of-fit R 2 are both above 0.96. The reliability and complexity of the curve are relatively moderate. It can be seen from the calculation of the spatial stability index of the structure of land use that the stability index of the structure of land use remained stable (because the types of structure of land use were divided according to a different standard level, the stability index cannot be compared with the results in Section 2.2), but, at a low level. This indicates that all kinds of land in the urban agglomeration space will remain in a state of disorder.
In conclusion, this case has demonstrated the connection between "entirety" and "local" based on the establishment of the allometry model, and has realized the prediction for the "local" from the prediction for the "entirety". Finally, the prediction of the basic land use data needed for the measurement of the structure of land use in the urban agglomeration space is realized, based on which the predictive measurement of the structure of land use and its stability in the urban agglomeration space has been realized.
Conclusions
From the perspective of the structure of land use in urban agglomeration space, this research realized the measurement of the structure of land use by establishing a fractal measure method for the relationship between different land use types (not for each land use type, separately). The spatial fractal dimension has been used to describe the development momentum of various types of land in space as the structural stability. The measurement of the structure of land use in urban agglomeration in 1990, 1995, 2000, 2005, 2010 , and 2015 has been realized and the feasibility of this method has been verified by taking the Beijing-Tianjin-Hebei urban agglomeration as the study area.
Second, this study realized the prediction or simulation of the total area of urban agglomeration space by constructing and applying the gray prediction model on temporal series. The prediction of the structure of land use has been realized by further utilizing the constructed allometric relationship. Finally, the simulation or predictive measurement of the structure of land use in the Beijing-Tianjin-Hebei urban agglomeration has been achieved and the feasibility of this method has been verified. The methods used in this paper have the following innovative value:
(1) The perspective used in this study for measuring the fractal is different from the traditional measurement method used in previous studies that separately analyzed the fractal feature of different land use types. The method proposed in this study can obtain the measurement of the fractal feature and the fractal measure of the relationship between different land use types by grouping different types of land as one overall sample collection, which can recap some innovations and reference values for the relative predictive measure of the land use structure in space from the field of fractals. (2) The prediction method used in this paper regards the development and evolution of land use in urban agglomeration space as a black box that does not need to be detected, which is different from the traditional measurement methods used in previous studies that rely on complex transformation rules by subjective abstraction. Our approach applies the gray prediction method and the allometry model to realize the prediction of the "local" through the prediction of the "entirety". This can avoid the incompleteness and subjectivity in the mining of the complex evolution law, such as the selections of factors and judgment criteria, and can avoid using reductionism. The approach obtains the predictive fractal measurement on the structure of land use with higher efficiency by only needing to predict the "entirety" instead of repeating the same predictions for each type of land separately. It can provide some innovative reference for the improvement of the land use development goals or related regulatory policies.
Although, of course, this paper implements the measurement and prediction of the structure of land use in urban agglomeration space, the application directions of the measurement results still require further excavation. In addition, constrained by the lack of original sequence data, the accuracy of the prediction results can be further improved.
